Background: Human somatic cells are reprogrammed to induced pluripotent stem (iPS) cells when four transcription factors (Oct4, Sox2, Klf4, and Myc) are ectopically expressed in them. These iPS cells, which evade immunological rejection, are a valuable source for patient-specific cell therapy. Lentiviral systems have been proved to be powerful tools for cellular reprogramming, an example of which is the induction of iPS cells from somatic cells that requires a high transduction efficiency of lentiviruses harboring the four reprogramming factors. Objectives: The purpose of this study was to define an optimized calcium phosphate transfection method to produce high-titer lentiviral vectors for the generation of human iPS cells.
Background
Lentiviruses such as the human immunodeficiency virus (HIV) are a subcategory of retroviruses used as an effective gene delivery system. Their advantages for gene therapy include long-term expression owing to their integration into the host genome, large capacity for delivery of DNAs, ability to infect both growth-arrested and dividing cells, and biosafety (1, 2) .
To abolish the pathogenicity of HIV, six of the pathogenic genes were removed from the HIV-derived vector system without any alteration in its gene-transfer capability. Therefore, the parental virus cannot be reconstituted.
Viral transduction of four transcription factors has been used for generating induced pluripotent stem (iPS) cells in both humans and mice (3) (4) (5) (6) (7) (8) . Efficient lentivirus production is a prerequisite for transferring pluripotency genes into the host cell. For a satisfactory gene expression, a high number of virus particles per cell target, MOI, is needed (9) . Owing to their high proliferative yield and autologous nature, iPS cells provide numerous promising applications in the fields of tissue engineering, patient-specific cell therapy, personalized drug discovery, and modeling of several genetic and metabolic diseases. In addition to surpassing the immune system rejection, iPS cells are advantageous over embryonic stem cells because their application obviates the need for the controversial destruction of early-stage embryo, thereby evading the subsequent ethical issues. Thus, iPS cells mimic many canonical characteristics of ES cells, including the ability to self-renew indefinitely and to differentiate into all three germ layers.
Objectives
The purpose of this study was to define a simple and optimized calcium phosphate transfection method to produce high-titer lentiviral vectors by transient transfection of 293T cells and concentrating the viral particles using Amicon Ultra-4 column. This is a convenient method that maximizes the efficiency of lentiviral gene transfer, which is a prerequisite for efficient gene transfer. Calcium phosphate transfection is the only method that involves small ions that are the natural compounds in the culture medium and have no impact on cell viability and product quality (10).
Materials and Methods

Cell Lines
HEK 293T cells and fibroblasts were cultured in high-glucose DMEM supplemented with 10% FBS (Gibco) (vol/vol), 2 mM GlutaMAX, 50 U/mL penicillin, and 50 mg/mL streptomycin in a 37°C humidified incubator with 5% CO 2 . The 293T cells were split in ratios of 1:4 to 1:6, three times per week. Frequent passages maintain the high transfection ability of the 293T cells.
Isolation of Human Fibroblasts
Human fibroblasts were isolated according to the method described by Raya et al. (2010) and the collagenase I treatment method. Skin biopsies measuring 4 mm derived from T1DM patients were minced into smaller pieces (0.5 mm) using scalpels and then subjected to the abovementioned two methods, as follows: 1) Tissue fragments were placed into a 60-mm tissue culture dish under a sterile coverslip, and the dishes were incubated at 37°C in a humidified incubator (5% CO 2 ) (11).
2) Tissue fragments were incubated with DMEM/F12 containing 1 mg/mL collagenase I (Invitrogen) at 37°C. Collagenase was removed and washed with PBS. Cells were cultured in an appropriate volume of the medium (DMEM supplemented with 10% FBS, glutamine, sodium pyruvate, nonessential amino acids, and penicillin/streptomycin). When the fibroblasts proliferated into sufficiently high numbers, the cells were trypsinized and expanded.
Production of Lentivirus
293T cells were seeded at 6 × 10 6 cells per 100-mm dish and incubated at 37°C under 5% CO 2 , 1 day before transfection. The 293T cells were cotransfected with pMD2G (8 µg)
encoding the vesicular stomatitis virus glycoprotein (VSV-G), psPax2 (15 µg) gag-pol plasmids, and eGFP plasmid (21 µg) using CaPO 4 precipitation method as described previously (1). At about 16 hours post-transfection, the media was replaced with fresh media, and 48 -72 hours posttransfection, the media containing the viruses were collected, filtered through a 0.45-mm pore size filter (Whatman), and then concentrated 100-fold using Amicon Ultra-4 column.
VSV-G pseudo-typed lentivectors have a half-life of 24 hours at 37°C. The vector stocks aliquots were stored at 4°C for up to 24 hours, or frozen at -80°C for longer storage (12).
Titration
Viral titration was determined by transducing 3 × 10 5 cells in 2 mL of high-glucose DMEM in a six-well plate.
The titer was determined using 1 and 0.5 µL of concentrated fresh viruses with 8 µg/mL polybrene (Sigma). The percentage of labeled cells was determined 72 hours postinfection. Then, the biological titer (BT = TU/mL, transducing units) was calculated according to the following formula:
To ensure the accuracy for titer calculations, the number of GFP-positive cells was counted for two wells infected with two consecutive dilutions. The resulting counts corresponded to the expected 1:2 ratio.
Results
Lentiviruses were generated by the cotransfection of 293T cells with eGFP plasmid along with two plasmids encoding the structural and envelope proteins according to the optimized calcium phosphate transfection method (Figure 1 ). The green fluorescent protein (GFP) was used as a suitable quantifiable marker to determine the biological titer.
The virus supernatant was concentrated using Amicon Ultra-4 column. To determine the quantity of infectious particles per milliliter of the supernatant, 293T cells were infected with lentiviruses for the titration of GFP viruses (Figure 2 ). We employed polybrene to enhance lentiviral transduction (8 µg/mL polybrene). Next, the biological titer was calculated as BT = TU/mL, in transducing units.
This method resulted in viral preparations of 2.4 × 10 8 viral particles/mL. We produced high-titer lentiviral vectors by the transient transfection of 293T cells and then concentrated the viral particles by centrifugation.
To confirm the efficiency of the generated viruses for the transfection of human primary cells, we introduced GFP-harboring lentiviruses into human adult fibroblasts using the abovementioned method. For this purpose, total multiplicities of infection (MOIs) of 2 were used that yielded a transduction efficiency of 80% (Figure 3 ).
Discussion
Transduction of exogenous genes via the lentiviral system into primary cells requires the preparation of high-titer viral stocks, for which numerous considerations should be taken into account, including the type of cell line 2 J Biomed. 2016; 1(1):e5347. The selection of a stable producer cell line, such as the 293T cells, is very important for an efficient production of lentiviruses. During transfection, gene transfer would be enhanced due to DNA condensation and enhancement of binding to cells by calcium phosphate (13) . Some parameters could impact the efficiency of transfection, including the pH of HEPES-buffered saline, the temperature, the quality of FBS used, the cell density, the passage of cells used, and the amount and quality of DNA (1, 12) .
For increasing the infectivity of the produced viruses, consideration of some factors could be useful, such as harvesting of supernatants at an early time period after the start of virus production, collection in a serum-free medium, and concentration of the produced viruses (2). Logan et al. (2004) showed that the time of virus collection between 48 and 72 hours does not change the ability of infection, but a longer incubation period decreases the infectivity of the produced viruses. They also demonstrated that the presence of serum during virus production may result in a negative regulation of transduction (2).
Transduction efficiency can also be enhanced by coprecipitation of viral vectors with calcium phosphate, which is then boosted by VSV-G component of the lentiviral particles, as this glycoprotein component of lentiviruses fa-J Biomed. 2016; 1(1):e5347.
3 cilitates their entry into the cells via interactions with the phospholipid component of the cell membrane (13) . To increase the viral transduction efficiency, we concentrated the virus supernatant using Amicon Ultra-4 column. We chose the 293T cells for titration, because they are highly amenable to transduction by lentiviral vectors and are easy to handle for cultivation (12) . The titration of GFPpositive cells was determined by counting the green fluorescent cells visualized with a fluorescence microscope.
In conclusion, this study suggests that calcium phosphate transfection is a simple, easy, and efficient method to transfer lentivirus genes into 293T cells. Therefore, this method could be used as an efficient way for the transduction of SOKM gene cassette, harboring a polycistron of the four transcription factors (Oct4, Sox2, Klf4, and Myc), into human fibroblast cells to generate iPS cells.
